A survival analysis on a data set of 295 early breast cancer patients is performed in this study. A new proportional hazards model, hypertabastic model was applied in the survival analysis. We assume a proportional hazards model, and select two sets of risk factors for death and metastasis for breast cancer patients respectively by using standard variable selection methods. To evaluate the performance of the new model and compare it with other popular distributions, Cox, Weibull and log-logistic models were fitted to the data besides the hypertabastic model. Result shows that the hypertabastic proportional hazards model outperformed all the comparison models and provided the best fit for the breast cancer data. In addition, we observed that the gene expression variable, wound response signature, combined with other clinical variables, can provide an effective model to predict the overall survival and hazard rate for breast cancer patients.
Introduction
Time to event models, commonly known as survival or reliability model, have been studied and applied in a variety of scientific disciplines such as medicine, biology, engineering and business. Cox proportional hazards model is one of the most commonly used nonparametric/semiparametric models; it does not require any specific assumption about the shape of survival function. However, it usually does not provide a very good fit to the data through the simulation studies. On the other hand, if the assumption for parametric distribution is met for the data under consideration, it will be more efficient and easier to interpret estimates than nonparametric/semiparametric models. Some well established parametric models, such as Weibull, log-normal and log-logistic model have been widely Advances in Breast Cancer Research, 6, used to model the time to event data in many applications. The Hosmer and
Lemeshow [1] , Klein and Moeschberger [2] , and Therneau and Grambsch [3] gave an overview of survival data modeling techniques. Foulkes et al. [4] used several parametric models to access the prognostic factors in the recurrence of ischemic strokes. Kannan et al. [5] used log-logistic probability distribution to model altitude decompression sickness risk and symptom onset time. Sama et al. [6] used five parametric models to analyze the survival time data of Plasmodium falciparum infections and found that the best fit could be obtained from a parametric model-Weibull distribution. In this article, a new parametric modelhypertabastic survival model is briefly reviewed in Section 2. To compare the performance of these models, a breast cancer data with 295 patients from the Netherlands Cancer Institute was studied. This data had previously been used to identify and validate a prognostic gene expression profile. It also had been used to test the reproducibility of the association between the wound-response signature and breast cancer progression. The authors studied two events, death due to breast cancer and metastasis (spread of breast cancer) separately in this article. A data description and analysis methods are given in Section 3. Variable selection and results for model comparisons are discussed in detail in Section 4. The main results for metastasis are given in Section 5. A discussion is given in Section 6.
Hypertabastic Proportional Hazards Model
Tabatabai et al. [7] proposed a new probability distribution, hypertabastic distribution, and hypertabastic survival model. Let T be a continuous random variable representing the waiting time until the occurrence of an event. The hypertabastic baseline survival function is defined by 
With the change of the value of β , the baseline hazard function can have more flexible form compared to other parametric models. Under the proportional hazards assumption, they introduced the hypertabastic proportional hazards model. The hazard function for this model is given by
where X is a p-dimensional vectors of covariates, θ is a vector of unknown parameters, ( ) g X θ is non negative function of X satisfying the condition that ( ) 
Then, the hypertabastic probability density function for the proportional ha-zards model is given by
where
f t is the baseline density function and defined as ( ) 
All the unknown parameters, including X and θ , can be estimated using the maximum likelihood method. If the sample consists of only right censored data, the hypertabastic proportional hazards log-likelihood function with log time can be written as ( ) For further details, see [7] .
Data Description and Analysis Methods
The breast cancer data includes a series of 295 consecutive women with breast cancer who were treated at the hospital of the Netherlands Cancer Institute. All 295 patients' age at diagnosis was 52 years or younger. The calendar year of diagnosis was between 1984 and 1995. Van et al. [8] used the data as a validation set for the seventy gene signature (70G). Tabatabai et al. [9] studied the effect of 70G, core serum response signature correlation (CSR) and ErbB2+ correlation (CERBB) on survival using the hypertabastic model. Chang et al. [10] identified a set of "core serum response" (CSR) genes. In their study, 295 tumor samples were grouped by similarity of the expression pattern of the CSR genes by using hierarchical clustering. The samples were segregated into two classes, activated vs. quiescent by the predominant expression of the serum-induced and serum repressed CSR genes. The data was censored on the date of the last follow up visit, death from causes other than breast cancer, etc. All the 295 patients had stage I and II breast cancer but had no previous history of cancer. The main clinical variables we studied are age of patient, diameter of tumor, number of positive lymph nodes, tumor grade (3 levels: grade 1, well differentiated; grade 2, moderately differentiated; grade 3, poorly differentiated), estrogen receptor status (ER, two levels: positive and negative), chemo therapy status (two levels: with and without chemo therapy). In general, grade 1 tumors resemble normal cells, and tend to grow and multiply slowly. Grade 1 tumors are generally considered the least aggressive in behavior. Grade 3 tumors tend to grow rapidly and spread faster than tumors with a lower grade. A score of estrogen receptor positive (ER+) means that estrogen is causing the tumor to grow, and that the cancer should respond well to hormone suppression treatments. If the score is estrogen receptor negative (ER−), then the tumor is not driven by estrogen, and the results will need to be evaluated along with other tests.
The primary gene expression variable considered in this study is wound response gene expression signature (WRS, two levels: activated and quiescent). Wound response signature has been found in different studies that it predicted the poor overall survival and increased risk of metastasis [10] [11] .
The proportional hazards assumption was examined first in this study. Four survival models including Cox, Weibull, log-logistic, and hypertabastic models were applied to the breast cancer data and survival analysis for both death due to breast cancer and metastasis were performed. Models were compared by using standard measures of goodness of fit. SAS 9.3 was used for all the model fittings and graphs.
When the effect of risk factors is to change the baseline hazard function by a proportionate amount over the survival time, a proportional hazards model is usually assumed. In Chang et al. [10] , Cox proportional hazards model was fitted to the data. Figure 1 gives the Kaplan-Meier (KM) survival curves for both time to death and time to metastasis. To further assess the proportion hazards (PH) assumption, the log-log KM survival curves for each of the variables was examined. The graphs should result in parallel curves if the assumption is met. Figure 2 gives the plots for WRS and tumor grade when the time to death is modeled. Figure 3 shows the graphs for WRS and tumor grade when the time to metastasis is modeled. Although the curves are not parallel on some time intervals, no apparent interactions between curves showed on the graphs. They indicate that the proportional hazards assumption is satisfied for these variables for both events.
Variable Selection and Model Comparisons
To study the time to death due to breast cancer, a set of significant risk factors (predictor variables) for death was selected first. Using the stepwise and forward selection methods outlined in Hosmer and Lemeshow [1] [12] , Cox proportional hazards model was fitted to the data first and identified a set of significant risk factors that are given in Table 1 . Next, the hypertabastic proportional hazards model was also fitted to the data using forward selection method and partial likelihood ratio test, it identified the same set of risk factors as the Cox model except the diameter. Since diameter is selected by the Cox model, it was included in each comparison model. In addition, the possibility of interactions among variables is also considered. The significance of each interaction is assessed by adding it to the main effect model and using the partial likelihood ratio test, no significant interactions were identified by the selection process.
Parametric models, such as Weibull and log-logistic models have been widely applied for survival analysis. To study the risk factors for death due to breast cancer and compare the performance of different models, Cox, Weibull, log-logistic and hypertabastic model were fitted to the data set assuming proportional hazards. Models were compared by using log-likelihood value (Log L), Akaike Information Criterion (AIC), and Bayesian Information Criterion (BIC) which assess the goodness of fit of the models. The model with the lowest AIC or BIC corresponds to the best fit model and is preferred. The result including parame-ter estimates, p-value and hazard ratio for each model is given in Table 1 . It shows that the log-likelihood is the highest for the hypertabastic model, AIC and BIC statistics are the lowest for the hypertabastic model when fitted to the breast cancer data. This indicates that the hypertabastic proportional hazards model fits the breast cancer data best. Among all the variables included in the model, WRS (Wound response gene expression signature) is clearly the most significant with the smallest p-value and a hazard ratio around 2. Age of patients, ER status and tumor grade have relatively small p-values and hazard ratios below or above 1. They are considered as significant (at significance level of 0.05) based on the hypertabastic model. The mean age of patients is 44 years, and the mean tumor diameter is 22.54 mm. Based on the hypertabastic proportional hazards model, holding age and diameter at mean level, we computed the median survival time for some combinations of different levels of other risk factors. The result is given in Table 2 . Figure 4 gives the graphs of the hypertabastic baseline survival and hazard functions for this data. Holding age and diameter at mean level and ER score positive, Figure  5 gives the graphs of the hypertabastic survival and hazard functions at different types of wound response signature when tumor grade is poorly differentiated. Similarly, Figure 6 gives the graphs of the hypertabastic survival and hazard functions at different levels of tumor grade when wound response signature is Table 2 . Median survival time at mean age and mean diameter. activated. They indicate that patients with activated wound response signature have about half the median survival time compared to those with quiescent wound response signature when other factors are held constant. Similarly, holding other factors constant, patients with a ER score positive have twice the median survival time as those with a ER score negative.
Results for Metastasis
Followed the similar procedure as in the study of time to death and assumed proportional hazards, four comparison models, Cox, Weibull, log-logistic and hypertabastic model were fitted to the breast cancer data. The estimates of parameters, p-value, and hazard ratio for each variable are given in Table 3 . The significant risk factors for metastasis were found to be patient's age, diameter of tumor, number of positive lymph nodes, tumor grade, wound response signature and chemo therapy status. No significant interactions among variables were identified. The result again shows that the AIC and BIC statistics are the smallest for the hypertabastic model. It indicates that the hypertabastic proportional hazards model fits the data best when the interested survival time associated with metastasis.
The mean positive lymph nodes number is 1.4 for this data. Based on the hypertabastic proportional hazards model, the relative risk for a breast cancer patient without chemotherapy compared to a patient with chemotherapy is 1.54 holding other factors constant. At mean level of age, diameter and lymph nodes number, when the wound response signature is activated, the tumor grade is poorly differentiated, and without chemotherapy, the median survival time is 8 years. Similarly, at mean level of age, diameter and lymph node number, when the wound response signature is activated, the tumor grade is poorly differentiated and with chemotherapy, the median survival time is 14 years. The median survival time increases to 33.2 years when the wound response signature is quiescent, with chemotherapy, and other factors holding constant as above. They indicate that patients with chemotherapy have lower hazard rate and longer median survival time compared to those without chemotherapy when other factors are fixed. Based on both studies, time to death and time to metastasis, wound response signature can be used to predict survival probability and relative risk for early breast cancer patients.
Discussion
The author studied some predictor variables including clinical and gene expression variables for survival time associated with death due to breast cancer and metastasis in this article. Age of patients, diameter of tumor, tumor grade and wound response signature are the common risk factors that can be used to predict the survival probability related with both events. Among these risk factors, wound response signature is found to be a significant gene expression variable that is consistent with the result in other studies. The analysis performed is from a statistical point of view; clinical justification needs to be considered in practice. Based on the results of model comparisons for both events, the hypertabastic proportional hazards model outperforms all the comparison models. More applications can be considered to further study the property of this model. Weibull and log-logistic models performed better than the Cox model with lower AIC and BIC values. In the Cox model, the baseline hazard function is regarded as a nuisance parameter, while in parametric models, the hazard function reflects the time course of the process under study. Result indicates that parametric models provide a better fit to the breast cancer data. In addition, hypertabastic accelerated failure time model (AFT model) was also introduced by Tabatabai et al. [7] , and has been applied to a medical data and an engineering data by Tabatabai et al. in [7] and [13] respectively. The hypertabastic AFT model also shows flexibility and performs well compared with other models. In case the proportional hazards assumption is not satisfied, AFT model should be applied to study the survival probability. The assessment of the performance of the hypertabastic AFT model will be a topic of our future research.
